Cells of the tyrosine aminotransferase (EC 2.6.1.5)-inducible line, HTC, were fused with those of the BRL-62 line, which contain little or no enzyme and are unresponsive to the usual steroid inducers. Histochemical examination of the resulting heterokaryons within 24 hr of the fusion showed them to have little or no enzyme and to be unresponsive to steroids. These experiments disclose that the observed negative dominance is universal in the fused cells and that such dominance occurs promptly after fusion, when loss of chromosomes has not occurred.
Tyrosine aminotransferase (-tyrosine: 2-oxoglutarate aminotransferase, EC 2.6.1.5) (TAT) is induced by glucocorticoid hormones in several rat hepatoma cell lines in tissue culture. When hybrids were formed between one such line, clone Fu5 of line H4IIEC3, and a mouse cell line that contained low levels of uninducible enzyme and was selected by a single drugresistance technique, the resulting hybrids had only low levels of uninducible enzyme (1) . These results support the concept of negative control of expression of differentiated functions, of which a few other examples have been reported (2) (3) (4) (5) . A major difficulty in these studies however, has been the necessity to wait for growth of the hybrids before they can be analyzed. During the many generations required for their growth, chromosomes are lost, and it is possible that other genetic changes may take place as well. Thus, when the hybrids are eventually analyzed and a given enzyme is lacking, one can never be absolutely sure that the gene for that enzyme is not repressed, but simply has been lost from the cells. In addition, the previously reported fusions have usually involved cells of different species, adding the additional unknown of special cross-species effects.
We have designed experiments that try to avoid some of these objections by fusing cell lines obtained from an inbred strain of rats and by examining the unselected, fused cells early after fusion, before the nuclei have fused and chromosome losses might occur. This analysis has been made possible by use of a histochemical stain for the enzyme, TAT. Some of this data has been presented elsewheret. We believe this to be the earliest analysis for what appears to be a negatively controlled specific product after cell fusion. In hen erythrocyte-mammalian cell fusions, there is a transient loss of certain erythrocyte markers, but these return after the erythrocyte nucleus is activated (6, 7) . Hemoglobin synthesis seems to be stimulated initially and then suppressed, although these experiments have not yet been fully reported (8) . In the present hybrids, however, both nuclei seem to be continuously active (see below). The present data provide much stronger support than previously available for the concept of negative control of enzyme expression in differentiated cells.
Two cell lines were used in these studies, HTC and BRL-62. HTC cells, derived from a chemically-induced hepatoma in Buffalo rats, are a hypotetraploid cell line not subject to contact inhibition in which the enzyme TAT is induced 10-fold by certain corticosteroid hormones. TAT induction in whole liver and cultured liver cells has received considerable attention in recent years, and a large body of data has been obtained on the control of TAT concentration, especially in HTC cells (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) . These cells were cultured in monolayers in Swim's medium S-77 supplemented with 5% fetal bovine plus 5% bovine serum (9) .
The BRL-62 line, the other parental line used in these experiments, has been less thoroughly investigated; however, it offers several advantages for fusion experiments. This line was one of a series of diploid cell lines derived by Coon from single-cell clones of freshly-dispersed liver (25, 26) . Unlike the situation in the previously reported RL13 line (25, 26) , TAT activity is very low in BRL-62 cells and is unaffected by steroids. The BRL-62 cell line was obtained from the same inbred Buffalo rat strain as that from which HTC cells were originally isolated. Improved MEM, supplemented with 5% fetal calf serum (Laboratory Cell Suppliers, Frederick, Md.) was used to grow the BRL-62 cells. These large, epithelialappearing cells, with a high cytoplasmic/nuclear ratio, are rather uniform in size and shape, and are quite different in appearance from HTC cells, which have relatively little cytoplasm, large nuclei, and are not "contact-inhibited." BRL-62 cells are readily fused by treatment with killed Sendai (28) (Fig. 1) . Two Eagle's MEM containing 5% fetal calf serum plus 1-10 ,uM dexamethasone phosphate. This concentration of the steroid is more than sufficient to maximally induce TAT in the HTC cells in this medium, but has no effect on the content of the enzyme in the BRL-62 cells. 18-24 hr later, the coverslips, now covered with a mixture of fused and unfused cells, were removed from their Petri dishes, dipped several times in 0.1 M potassium phosphate buffer (pH 7.6) that contained 0.5 mM 2-oxoglutarate and 0.2 mM pyridoxal phosphate, drained briefly, and mounted, cell-side outwards, on glass slides. They were then air dried at 250C for 2 hr, and stored at 4VC overnight, after which they were coated by dipping in Kodak NTB3 liquid photographic emulsion. The film was exposed at 4VC in the presence of desiccant for 3-7 days, developed, and immediately thereafter, the developed emulsion with cell layers beneath was exposed to the histochemical reaction mixture at 370C in a dark, humidified atmosphere for 3-6 hr. The reaction mixture contained 0.43 mg/ml of nitro blue tetrazolium, 17 Jug/ml of phenazine methosulfate, 4 mM EDTA, 16 mM monoiodotyrosine, 2.3 mM 2-oxoglutarate, and 40 JAM pyridoxal phosphate, in phosphate-buffered saline [pH 7.6 (28) ]. During the reaction period, the slides were placed emulsion-side down, while being held off the bottom surface of the staining dish by glass supports. This allowed penetration of the reagents without nonspecific deposition of formazan granules in the emulsion. The sequence, radioautographyhistochemistry, was found necessary because when the histochemical reaction was performed first the nuclei lost radioactivity. When the reaction had been terminated, the entire surface of each slide was scanned under bright-field microscopy.
We found that mere proximity of BRL-62 and HTC cells did not alter the failure to stain of the former or the positive staining of the latter. Fusion of cells of either line with other cells of the same line did not alter the staining reactions characteristic of that line. When heterokaryons between the two types of cells were found, however, they always showed greatly reduced or no negative staining. Multinucleate cells were considered heterokaryons only when all the nuclei clearly were within a single cell membrane, and at least one radioactively labeled and one unlabeled nucleus could be identified unambiguously. 
Other slides in the same experiment were prepared for radioautography and, after the stained slides had been examined, the radioautographs were examined and scored for the fractions of polykaryocytes that contained all radioactive, mixed, or all nonradioactive nuclei. From these numbers, the percentages of TAT-positive and TAT-negative polykaryocytes expected were calculated, on the assumption that any cell bearing one or more BRL-62 nuclei would be TAT-negative, regardless of the number of HTC nuclei present.
The data in Table 1 show the results of such an experiment, in which the agreement between the fraction of fused cells that show a lack of TAT activity and the fraction that contain all, or some, BRL-62 nuclei is very close. Thus, in the upper third of the table it can be seen that of 500 consecutively examined polykaryocytes scored for TAT reactivity, 58% failed to react.
Of 400 polykarocytes examined, 66% contained at least one (thymidine-labeled) BRL-62 nucleus and, therefore, might have been expected to lack TAT activity. The data in the middle third of the table show that when the cell ratios were altered to provide a different distribution of polykaryocytes, the distribution of TAT-positive cells altered in a similar fashion. 37% of the multinucleate cells had at least one BRL-62 nucleus, and 42%o of the histochemically examined multinucleate cells were TAT-negative.
From these two types of analysis of fused cells, it seems clear that, at least in most cases, fusion of the TAT-uninducible cell line BRL-62 with the TAT-inducible cell line HTC resulted in hybrids without TAT activity, as measured by the histochemical stain. Although the mechanism of this phenomenon is still unknown, some possible explanations have been examined. As noted above, the heterokaryons were TATnegative, regardless of the cell line containing ['H]thymidinelabeled nuclei; therefore the radioactive nucleotide was not damaging the nuclear functions of one or the other line. To see whether all nuclei in the fused cells were capable of RNA synthesis, we fused the two cell lines and then exposed them to 15 .Ci/ml of [tHluridine for 90 min. Radioautographs were prepared and developed; they showed that all the nuclei in 200 consecutively examined multinucleated cells had incorporated [3Hjuridine, indicative of continued RNA synthesis. Careful examination of the entire preparation failed to show any unlabeled nucleus in any cell, multinucleate or mononuclear. All nuclei contained nucleoli. Furthermore, the intensity of labeling of nuclei in the fused cells was the same as that in the surrounding mononuclear cells, so the fused cells' nuclei appeared by these criteria quantitatively, as well as qualitatively, fully functional (6, 30) .
Preparations of fused cells also were exposed to [iHlleucine (7 pCi/ml for 90 min) and radioautographs of the aminoacidlabeled cells showed in similar fashion that the fused cells continued to incorporate amino acids at a rate similar to that of unfused cells. Therefore, we conclude that the absence of TAT in the hybrids is not the result of a nonspecific suppression of macromolecular synthesis, but rather is a specific interaction between the two fused cells that affects TAT.
One possible explanation of this result would be that the BRL-62 line is capable of rapidly inactivating or degrading TAT gland Nuclear NET 27, 1 mCi/ml, 3.6 mg/ml). HTC cells were similarly grown, without label. Both cultures were then treated with trypsin and counted. To portions of medium containing 5 X 106 HTC cells, BRL-62 cells were added to give 10: 1 or 2: 1 ratios of HTC cells to BRL-62 cells. The mixtures were pelleted by centrifugation and then suspended in 0.3 ml of phosphate-buffered saline (pH 7.6) containing either 600 (A and B above) or 1200 (C above) hemagglutinating units of UV-inactivated Sendai virus. After incubation at 00C with occasional shaking for 60 min, the cells were collected by centrifugation and seeded onto glass coverslips in Petri dishes. Growth medium at 370C, containing 10 pM dexamethasone phosphate, was added and the cultures were incubated at 370C in an air-CG2 incubator for 24 hr, after which the coverslips were removed, and the cells on several slips (for each variable) were examined radioautographically and histochemically. Control studies were done at the same time, in which cells were incubated without virus or each cell line was fused with itself. The data from these, not shown in the Extracts of HTC and BRI-62 cells in 0.1 M potassium phosphate buffer (pH 7.6) were obtained by sonically disrupting cells that had previously been exposed for 18 hr to 10 jIM dexamethasone phosphate in growth medium. The extracts contained, in addition to disrupted cells, 2 mg/ml of crude bovine plasma albumin, 0.5 mM 2-oxoglutarate, and 0.2 mM pyridoxal phosphate. Aliquot portions of each were assayed (27) singly, or after mixing.
The amount of enzyme activity is expressed by the A331/10 min, a measure of the product, parahydroxyphenylpyruvate, formed. The HTC cell extract contained 1.2 mg/ml and the BRL-62 extract 0.3 mg/ml of protein, determined by the method of Lowry et al. (31) . about 3 hr (21). In the acute fusion experiments described here, 6 to 8 half-lives would have elapsed between the time fusion was initiated and the experiment was terminated, if we assume that TAT decay remained unaltered in the hybrids and only TAT synthesis was blocked. This would mean that the original TAT pool would be reduced to 1.5% or less of the starting value, a level well below that detectable by the staining method used. Thus, the minimum hypothesis consistent with the results obtained would be to assume a total block of TAT synthesis in the heterokaryons.
TAT synthesis in HTC cells may be controlled at a posttranscriptional level (24) . In the present experiments, however, we could not have distinguished a block at the level of translation as opposed to one at transcription. The half-life of TAT mRNA, in the absence of dexamethasone in HTC cells, has been estimated at roughly 3 hr; therefore, blocking only transcription would, assuming other conditions unaltered, produce hybrids with negative TAT-staining characteristics by 18-24 hr after fusion. Recent studies have implicated binding to a specific class of proteins as a necessary step in the action of steroid hormones in many target tissues, including HTC cells (16) . One possible manner through which dominant negative control could be exerted would be that BRL-62 cells interfere in some way with the function of these binding proteins.
The use of the histochemical technique in the experiments described in this paper has allowed the examination of single cells for a gene product. This provides a useful tool for exploration of dominant-recessive relationships in somatic cell hybrids.
